Objective. To compare the clinical efficacy of certolizumab pegol (CZP) with that of other anticytokine agents indicated for the treatment of rheumatoid arthritis (RA) with identical therapeutic indication (anti-tumor necrosis factor-α, anti-interleukin 1 or 6), with the objective of determining the noninferiority of CZP. Methods. A systematic review was performed to identify randomized controlled trials that assessed the efficacy of anticytokine agents in combination with conventional disease-modifying antirheumatic drugs (DMARD) after 6 months of treatment, using the American College of Rheumatology (ACR) response criteria, in patients with RA who have shown inadequate response to DMARD including methotrexate. Indirect treatment comparisons were carried out by a multipletreatment Bayesian random-effects metaanalysis. Data were analyzed using the Markov chain Monte Carlo simulation. Noninferiority of CZP was assessed in comparison with a predefined equivalence margin of 5%. Results. Nineteen placebo-controlled studies were identified: 14 evaluated the efficacy of 5 anti-TNF-α agents (infliximab, etanercept, adalimumab, golimumab, CZP) and 5 evaluated efficacy of 2 anti-interleukin agents (anakinra, tocilizumab). Every treatment showed significant efficacy versus placebo in individual studies. The multiple-treatment metaanalysis showed a highest OR for CZP on ACR20 response. Metaanalysis indicates that the efficacy of CZP according to ACR20 response is superior to that of infliximab, adalimumab, and anakinra, and equivalent or superior to that of etanercept, golimumab, and tocilizumab. According to ACR50 response, the efficacy of CZP is equivalent or superior to that of all other anticytokines. Conclusion. Results of this original multiple-treatment Bayesian metaanalysis indicate that certolizumab pegol is at least as efficacious as the preexisting antirheumatic anticytokine biotherapies.
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Rheumatoid arthritis (RA) is a systemic disease characterized by chronic inflammation of the synovial lining of the joints, tendons, and periarticular structures. RA affects 0.3% to 1% of the population in Western countries 1, 2, 3 . If untreated, it leads to joint destruction and functional deterioration and considerable alteration of quality of life. The last decade saw the transition, for the treatment of RA, from general immunomodulators to biotherapies that specifically target cytokines [tumor necrosis factor-α (TNF-α), interleukins] or the immune system cells (T and B lymphocytes) implicated in the pathogenesis of RA, with considerable improvement in treatment efficacy. The objective of RA therapy now is to reduce disease activity to a very low level or even achieve RA remission in an appreciable proportion of patients.
The first anti-TNF-α that were developed at the beginning of the 2000s (infliximab, etanercept, adalimumab) have been followed more recently by golimumab and certolizum-ab pegol (CZP). CZP differs from the other anti-TNF-α by its structure, composed of the Fab' antigen-binding domain of a humanized monoclonal anti-TNF antibody combined with polyethylene glycol to increase its half-life in the body. Being free of the Fc portion of the antibody, CZP does not form immune complexes, does not activate complement, and does not induce antibody-dependent cytotoxicity 4 . Efficacy and safety of CZP have been demonstrated in the treatment of RA 5, 6 . CZP, in combination with methotrexate (MTX), is indicated for the treatment of moderate to severe, active RA in adult patients when the response to diseasemodifying antirheumatic drugs (DMARD), including MTX, has been inadequate. CZP can also be given as monotherapy in case of intolerance to MTX or when continued treatment with MTX is inappropriate 7 .
All these biotherapies have demonstrated clinical efficacy versus placebo in the treatment of RA. Few studies, however, have carried out head-to-head comparisons between anticytokine therapies or with other biologics, so that currently no actual estimation of their relative efficacies can be made. Therefore, only indirect comparisons (vs a common comparator) 8 make it possible to assess the differences possibly existing between antirheumatic biotherapies. Some recently published studies used multiple-treatment metaanalyses to compare the first marketed anti-TNF-α agents (infliximab, etanercept, adalimumab) either between them 9, 10 or with another biological agent (abatacept, anakinra, or rituximab) 11, 12, 13 . Regarding the clinical efficacy of CZP, it still has not been compared with that of other anticytokine biotherapies [anti-TNF-α, anti-interleukin 1 and 6] in a mixed-treatment comparison.
Our primary objective was to determine whether CZP is not inferior to the other anticytokines (anti-TNF-α, antiinterleukin 1 and 6) used for the treatment of RA in combination with conventional DMARD, in patients that showed inappropriate or no response to conventional DMARD, including MTX.
MATERIALS AND METHODS
The method used was a mixed-treatment comparison model using Bayesian techniques. The study Scientific Committee, composed of 5 rheumatologists, a pharmacologist, and a health economist, defined the selection criteria and conducted the systematic literature review and data extraction.
Search strategy. A systematic literature review was carried out from January 1, 1980, to June 30, 2009 , in the following databases: Medline (from 1996), Embase (from 1980), and Cochrane Library (Central Register of Controlled Trials, from 1993). This review was completed by a manual search in the proceedings of the American College of Rheumatology (ACR) and European League Against Rheumatism congresses since 2004.
Study selection. The studies searched were the controlled, randomized, double-blind trials published in the English language that included adult patients with RA who had an inadequate or no response to DMARD including MTX. In addition, the studies evaluated anticytokine biotherapies indicated for the treatment of RA versus placebo in combination with continuation of inadequate conventional DMARD. Biologics should be used according to their Summary of Product characteristics. Clinical efficacy should have been assessed by the ACR20, ACR50, and ACR70 response rates 14 . ACR20 criterion, which characterizes a minimal therapeutic response and was the primary efficacy criterion used in the majority of studies, was retained as the major efficacy outcome in the multiple-treatment metaanalysis. ACR50 response, which possesses better clinical significance, and ACR70 response were used as secondary efficacy criteria. Efficacy evaluation had to be available at 24 ± 8 weeks of treatment. According to the defined inclusion criteria, studies were excluded from the analysis if they included patients with RA naive to DMARD or with inadequate or no response to a previous anti-TNF-α, as well as those that did not report ACR20 rates after about 6 months of treatment.
The search protocol was thus compliant with the Patient/Population -Intervention -Comparison/Comparator -Outcome criteria study (PICOS) detailed in the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) recommendations, and study results are presented according to the PRISMA statement 15 .
Data extraction.
The key words used for the search were as follows: Arthritis Rheumatoid AND Infliximab OR Etanercept OR Adalimumab OR Certolizumab Pegol OR Golimumab OR Anakinra OR Tocilizumab. RA was searched in the Medical Subject Headings database as an exploded heading, and infliximab, etanercept, adalimumab, golimumab, CZP, anakinra, and tocilizumab as text words, because they are not currently indexed. The systematic review thus identified 6105 references.
Data extraction was then carried out by 2 independent reviewers. Article titles and abstracts were scrutinized, and the references that did not match eligibility criteria and duplicates were excluded. A total of 162 references were selected in this phase, and full-text copies were assessed in conformity with the study eligibility criteria. The references that did not meet eligibility criteria were excluded. Finally, 76 references corresponding to 19 trials were retained for the metaanalysis (Figure 1 ). The characteristics of patients included in these studies and study results were entered onto a dedicated database. To this end, a standardized extraction framework was completed by 2 reviewers, and any discrepancies were resolved by a third independent reviewer.
Evaluation of study quality. Methodological quality of the selected studies was assessed by the Jadad score (from 0 to 5), which is based on randomization, on whether the study was double-blind, and on the numbers of withdrawals and treatment cessations 16 . All studies included in the metaanalysis had a Jadad score of at least 3.
Data analysis.
The relative efficacy of all studied treatments in comparison with a common comparator has been first determined by a classical frequentist method and expressed as the odds ratio of response rate on the considered criterion and the related confidence intervals.
Indirect comparisons between treatments were carried out by a multiple-treatment Bayesian random-effects metaanalysis of a network of direct comparisons (mixed-treatment comparison) 8, 17 . The multiple-treatment random-effects model integrates, on the one hand, the information resulting from direct and/or indirect comparisons between treatments and on the other hand, the heterogeneity existing between the trials, in a randomeffects model that takes into account the variability of the measured effect between trials (between-trial variability may be caused by some unmeasured characteristics such as heterogeneity of patient populations or of methods of care) 18 .
Bayesian analysis determines how newly available information changes expert opinion in relation to the previous situation. It thus requires an estimation of a prior probability distribution of the considered variable on the basis of the preexisting information, and a separate estimation of its distribution according to the new data (likelihood). It then updates the prior distribution using the likelihood to obtain the posterior probability distribution. The Bayesian analysis finally describes the spreading of the degrees of credibility of the possible values of the considered measurement. Results are described by the mean and related credible interval (CrI) 19 . Practically, we used normal (mean 0, precision 0.00001) prior distributions for all population means, and noninformative uniform (0, 10) prior distributions for all variances to allow the data, rather than the prior distributions, to have a stronger influence on the results. The absolute probability of success of each treatment (which represents its absolute efficacy) has been evaluated, that of the common comparator being estimated by the mean of responses in all studies. Since OR for each treatment were determined in comparison with a common comparator, randomization was not broken and it is possible to compare the efficacy estimates of all studied treatments.
For the assessment of CZP noninferiority in comparison with other treatments, the Scientific Committee defined an a priori absolute difference margin of 5% (or 0.05) in response rate (absolute value) versus every comparator (placebo or active treatment) and for every evaluation criterion (ACR20, ACR50, and ACR70). The 5% value corresponds to the clinically relevant threshold regarding the expected effects for all treatments. Calculations were performed using the measurement "absolute efficacy," i.e., the relative efficacy of each treatment tested in comparison with the baseline treatment (DMARD), with the mean effect of the baseline treatment across all trials added. For each pairwise comparison, the estimation of noninferiority was determined in 2 steps: first, the log-OR of the lower limit of the predefined absolute risk equivalence margin versus the mean absolute efficacy of the comparator(s) was computed to obtain the noninferiority threshold. Second, the probability for the log-OR absolute efficacy of CZP being superior or equal to this log-OR threshold was then obtained directly by applying the Markov chain Monte Carlo method, which gave the probability of CZP being noninferior to the comparator according to the posterior distribution of the Bayesian analysis. The probability of CZP noninferiority has been estimated in comparison with each active treatment as well as in comparison with the mean of all other treatments. The noninferiority was thereby inferred at a posterior probability of ≥ 0.975 (corresponding to a conventional 1-sided probability ≤ 0.025).
Further, if noninferiority had been demonstrated, superiority in between-drug relative efficacy comparisons was assessed from comparisons of the lower and superior limits of the OR credible intervals determined on the basis of the posterior distribution.
Statistical analyses were performed by REES (Evaluation Network in Health Economics) with WinBUGS software (Bayesian Inference Using Gibbs Sampling), using Markov chain Monte Carlo simulation for the calculation of the multidimensional integrals that arise in Bayesian statistics 20 .
RESULTS
Selected studies. Nineteen studies were selected in accordance with the predefined criteria and entered into the multiple-treatment metaanalysis 5,6,21,22,23,24,25,26,27,28,29,30,31,-32,33,34,35,36,37 (Figure 1 ).
All the selected randomized studies were comparative versus placebo (therefore the common comparator of the multiple-treatment metaanalysis): 14 of them evaluated the efficacy of an anti-TNF-α therapy (infliximab, etanercept, adalimumab, golimumab, CZP) and 5 an anti-interleukin treatment (anakinra, tocilizumab). The metaanalysis thus involves a total of 7158 patients, of whom 3174 received placebo and 3984 received an anticytokine treatment: 698 were treated with infliximab in 4 studies, 160 with etanercept in 2 studies, 657 with adalimumab in 4 studies, 124 with golimumab in 2 studies, 639 with CZP in 2 studies, 250 with anakinra in 1 study, and 1456 with tocilizumab in 4 studies. The evidence network made up of the 19 selected studies enables comparison between the 7 treatments tested. The chain of evidence was continuous and all treatments were compared with another analyzed treatment, in this case placebo. Characteristics of studies, patients, and treatments. In most studies, the DMARD combined with active treatment or placebo was MTX (17 studies). In 2 studies, the combined DMARD was sulfasalazine 26 or any standard DMARD 30 . The populations of patients included in the different studies were homogeneous regarding age and functional score as measured by the Health Assessment Questionnaire (HAQ; Table 1 ) 38 . The proportion of patients who were positive for rheumatoid factor (RF) was generally high (> 70%), except for 2 studies of adalimumab 29, 30 . In contrast, RA duration differed between studies (median 8 years; range 5-13 years): it was somewhat longer (≥ 10 years) in 6 relatively old studies (published from 1999 to 2005) and somewhat shorter (≤ 7 years) in 6 more recent studies (published in 4 The Journal of Rheumatology 2011; 38:5; doi:10.3899/jrheum.100665
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved. 2008 and 2009). These differences between studies were indicative of some level of heterogeneity between the populations of patients included in the older and those included in the more recent studies. Efficacy of treatments in each individual study. Efficacy results observed in patients receiving the active treatment or placebo, according to the ACR20, ACR50, and ACR70 response criteria, are presented in Table 2 . The relative efficacies of all treatments in comparison with placebo, as measured by the OR and the associated 95% CI in each study, are presented in Table 3 . In all studies (except a study of golimumab), OR demonstrated significant efficacy versus placebo for all treatments on the ACR20 response (primary evaluation criterion). OR also demonstrated marked effica-cy versus placebo for all treatments on the secondary criterion ACR50. Relative efficacy on the ACR70 response could not be determined in 4 studies 21, 25, 32, 37 .
Mixed-treatment comparison. Results of the multiple-treatment metaanalysis, regarding the efficacy of each treatment on the ACR20, ACR50, and ACR70 response criteria in comparison with the common comparator (placebo), in the random effects and fixed-effects models, are presented in Table 4 , and results in the random-effects model are depicted in Figure 2 . Because of insufficient numbers of patients, the OR on the ACR70 response calculated for etanercept, golimumab, and anakinra gave very wide credible intervals and thus were considered not interpretable.
In the metaanalysis according to the random-effects ACR20 criterion (primary efficacy criterion). CZP exhibits the highest OR value, which is significantly higher than those of the other treatments except etanercept. Regarding the ACR50 criterion, for CZP the OR appears significantly higher than those of infliximab and anakinra. As for the ACR70 criterion, CZP exhibits the highest OR, which is significantly higher than that of infliximab but not significantly different from those of other biotherapies (Table 4 ). Noninferiority analysis. Results of the noninferiority analysis according to the random-effects and fixed-effects models are presented in Table 5 . Regarding the ACR20 response, the probability of CZP being not inferior to the mean of all treatments or to each other individual biotherapy is high and significant (probability over 99% vs all other biotherapies in the random-effects model and 100% in the fixed-effects model), except versus etanercept (compared to etanercept, the probability for CZP being not inferior is > 90% in the random-effects model and > 95% in the fixed-effects model). Regarding the ACR50 criterion, results again indicate high probability for CZP being not inferior to the mean of all treatments or each other individual biotherapy except etanercept, but noninferiority is significantly demonstrated only versus infliximab and anakinra in the random-effects model. Finally, regarding the ACR70 criterion, CZP nonin- feriority is significantly demonstrated only versus infliximab ( Table 5 ).
DISCUSSION
The anticytokine biotherapies that have been marketed since the beginning of the 2000s (anti-TNF-α and anti-interleukin therapies) have greatly advanced medical management of RA. Numerous controlled studies demonstrated their outstanding efficacy in patients with RA who do not respond adequately to conventional DMARD: they reduce the rate of progression of joint damage 39 and improve physical functioning 38 as well as patient quality of life 40 .
CZP is a novel anti-TNF-α agent, composed of the Fab' domain of a monoclonal anti-TNF-α antibody coupled with 2 molecules of polyethylene glycol that do not interfere with the binding to TNF-α but increase certolizumab half-life in the body. Clinical studies indicate that the CZP safety and tolerability profile is favorable 5,6 .
Our metaanalysis compared CZP with 4 anti-TNF-α agents (infliximab, etanercept, adalimumab, golimumab) and 2 anti-interleukins (anakinra, tocilizumab), with a view to establishing the noninferiority of CZP in comparison with these RA treatments, in populations of patients corresponding to the approved therapeutic indication of CZP. It was carried out based on a selection of 19 placebo-controlled studies with similar protocols undertaken in patients receiving a concomitant conventional DMARD (essentially MTX). All active treatments demonstrated significant efficacy versus placebo on the ACR20 and ACR50 response cri-teria in every study (except for golimumab, which showed no significant efficacy on the ACR20 criteria in a study 32 ). Infliximab was not significantly efficacious on the ACR70 criteria in a study.
Since currently no head-to-head study has directly compared the various anticytokine biotherapies, indirect comparisons have been performed but none included the recent biotherapies. The metaanalyses by Kristensen, et al and Nixon, et al concluded to equal efficacy for 3 anti-TNF-α agents: infliximab, etanercept, and adalimumab 9, 11 , while that by Alonzo-Ruiz, et al determined equal efficacy for etanercept or adalimumab and MTX 10 . In contrast, 2 metaanalyses determined the superiority of anti-TNF-α agents in comparison with anakinra 11, 13 .
The multiple-treatment metaanalysis carried out according to a random-effects model found that CZP exhibits high efficacy on the ACR20 criterion (primary efficacy criterion). Observation of the credible intervals indicates significantly superior efficacy for CZP in comparison with infliximab, adalimumab, and anakinra, and no different efficacy in comparison with the other anticytokine biotherapies tested (etanercept, golimumab, tocilizumab). In contrast to literature data, in this multiple-treatment metaanalysis, no anti-TNFα agent tested apart from CZP was found to be significantly better than anakinra, which itself did not prove significantly better than placebo (Table 4 ). It is noteworthy that we included only 1 study of anakinra in our multiple-treatment metaanalysis. Regarding the secondary criteria ACR50 and ACR70, although CZP exhibited similar efficacy to etanercept, no significant difference between treatments emerged because of the width of the credible intervals. These differences from other metaanalyses may be related to the populations of patients studied (only patients with RA who had inadequate or no response to MTX in our metaanalysis) and perhaps to the limited number of studies available for some treatments, owing to the strict selection criteria applied for inclusion in our metaanalysis.
The multiple-treatment metaanalysis according to the fixed-effects model shows similar differences in OR between the treatments tested, with a higher number of significant between-treatment differences, however (because the fixed-effects model does not take heterogeneity between studies into account, the credible intervals are narrower). Results suggest greater efficacy for CZP on the ACR20 response criterion in comparison with all other treatments except for etanercept.
Results from the multiple-treatment metaanalysis according to the fixed-effects model should be taken with caution, however, in view of the existence of heterogeneities between the studies included in the metaanalysis, in particular regarding disease duration at entry to the study, which ranged from 6 to 13 years in the different groups of patients for the studies published before 2006, and from 5 to 11 years for those published after 2006. The 2 studies performed with 8 The Journal of Rheumatology 2011; 38:5; doi:10.3899/jrheum.100665
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved. CZP are among those most recently published 5, 6 . Since RA is a progressive disease, disease duration is linked in some way to disease severity [as attested by the related differences in C-reactive protein (CRP) level], and this source of heterogeneity between studies performed at different times should be taken into account when assessing the relative efficacy of treatments in comparison with a common comparator (in our case, placebo) 41 . Such declines in time of disease duration at entry to clinical studies of antirheumatic biotherapies probably reflect the progressively increasing confidence of physicians in the safety of these novel treatments, while being also a probable consequence of international recommendations encouraging institution of active disease management as soon as possible after RA diagnosis 42, 43 . Nonetheless, since heterogeneity between studies is taken into account in multiple-treatment metaanalysis according to the random-effects model, CZP appears to be at least as efficacious as all other treatments tested (anti-TNFα agents, anticytokines) and is possibly more efficacious than some of them (infliximab, adalimumab, anakinra) on the primary efficacy criterion ACR20.
Our ultimate objective was to test the hypothesis of noninferiority of the new anti-TNF-α agent CZP in comparison to the existing anticytokine antirheumatic biotherapies (anti-TNF-α, anti-interleukins). This was a new approach not previously undertaken to our knowledge. Our analysis reinforces the conclusions of the metaanalysis. Data from our multiple-treatment Bayesian metaanalysis, taking into account the predefined noninferiority margin of 5%, show that CZP is not inferior to any other biotherapies except etanercept on the primary efficacy criterion ACR20, with very high probability in both the random-effects and the fixed-effects models (probability over 99% and 100%, respectively). Compared to etanercept, the probability of CZP being not inferior could not be demonstrated statistically. Regarding the secondary criteria ACR50 and ACR70, the probability of noninferiority of CZP in comparison with the other biotherapies tested is also very high, except for etanercept.
Proper interpretation of the results of our metaanalysis requires consideration of some of its features. All clinical studies included were published in the English language. Although this could be considered a selection bias, practically all international studies are published in English. Regarding CZP, data come from only 2 studies, which never theless included relatively large numbers of patients, in comparison with the studies of other biotherapies (e.g., etanercept, golimumab). Those 2 studies are relatively recent and, for the reasons detailed, included patients with RA who had less severe disease (as suggested by relatively low CRP levels) than the patients included in older studies performed with other biotherapies. Further, these 2 studies differed from other studies by the low ACR20 rate of response to placebo (< 15%), which is lower than that generally observed in studies of other biotherapies (15% to 49%). Such a low response rate to placebo may have boosted CZP's apparent clinical efficacy. These between-study differences have been taken into account in our multiple-treatment metaanalysis according to the random-effects model. Yet, further clinical studies of CZP are required to confirm our results. Finally, the data in our metaanalysis pertained only to clinical efficacy of the analyzed treatments as assessed by ACR scores. Radiographic data were not included, because radiographic scores were either not obtained by identical methods or not available for all products. A more comprehensive evaluation of the different biotherapies used for the treatment of RA might also include information about their respective safety and tolerability profiles.
The mixed-treatment comparison of the clinical efficacy of CZP in the treatment of RA with that of 6 other anticytokine biotherapies supports with high statistical probability the hypothesis of noninferiority of CZP and suggests that CZP is at least as efficacious as the preexisting rheumatic anticytokine biotherapies. Studies in real-life conditions such as pragmatic assays should be done to confirm these results. This would reinforce our analysis by providing additional information about therapeutic strategies and biotherapy use in the outpatient and inpatient settings.
